In 1997, an international team interested in the development of Remote Area Power Supply (RAPS) systems for rural electrification projects around the world was organized by the International Lead Zinc Research Organization (ILZRO) with the support of Sandia National Laboratories (SNL). The team focused on defining load and resource profiles for RAPS systems. They identified single family homes, small communities, and villages as candidates for RAPS applications, and defined several different size/power requirements for each. Based on renewable energy and resource data, the team devised a "strawman" series of load profiles. A RAPS system typically consists of a renewable and/or conventional generator, power conversion equipment, and a battery. The purpose of this report is to present data and information on insolation levels and load requirements for "typical" homes, small communities, and larger villages around the world in order to facilitate the development of robust design practices for RAPS systems, and especially for the storage battery component. These systems could have significant impact on areas of the world that would otherwise not be served by conventional electrical grids.
Introduction
In remote areas of the world where grid-supplied electricity is unavailable, unreliable, or prohibitively expensive, an alternative exists in the form of a Remote Area Power Supply (RAPS). A RAPS is an autonomous electricity supply system that relies on one or more energy sources usually in conjunction with a battery and power conversion equipment. Electrification through RAPS enhances social welfare by narrowing the gap in quality of life between urban and rural areas. RAPS systems are not limited to remote areas: many customers close to conventional grids may prefer to use a RAPS system for its positive impact on energy reliability and utilization of renewable resources. Technologies such as wind turbines and photovoltaic (PV) arrays can be used in RAPS systems to meet local energy requirements economically.
The motivation for this study came from two workshops attended by energy policy planners and energy industry experts held in Jakarta, Indonesia, (October 17-18, 1997), and Brisbane, Australia (October 23-24, 1997) . Discussions included the need to develop robust design practices for RAPS systems. An international team was organized by the International Lead Zinc Research Organization (ILZRO) with the support of Sandia National Laboratories (SNL) to address this need. The team began by defining load and resource profiles. They identified single family homes, small communities, and villages as candidates for RAPS applications, and defined several different size/power requirements for each. Based on renewable energy and resource data, the team devised a "strawman" series of load profiles. The general premise was that electricity was used during three peak time periods: in the morning, afternoon, and evening. At other times, electricity usage was assumed to be zero or near zero.
Robust design practices are needed in order to facilitate the proper selection and sizing of storage batteries to be used in RAPS systems. To accomplish this, it is necessary to characterize both the resource profile for the power supply and the load requirements of the consumer. In this document, the focus is on RAPS systems in which the primary resource is solar insolation converted to electricity via a PV array. Therefore, we are interested in the power needs of single family homes, small communities, and larger villages that are not connected to a grid (other than perhaps a stand-alone village minigrid).
The purpose of this report is to provide data and information on insolation levels and load requirements for "typical" single family homes, small communities, and larger villages around the world in order to facilitate the development of robust design practices for RAPS systems, and especially for the storage battery component. The load data provide a "strawman" for time-of-day needs based on location, weather, and economic status of the consumer(s). The resource data (in this case, insolation available to a PV array) provide a measure of available power. In this report, we will discuss existing load and resource data, including our methodology for obtaining such data.
Resource Profiles

Methodology
In order to determine resource profiles (in this case insolation profiles) in the regions where load profiles have been generated, we utilized the National Aeronautics & Space Administration's (NASA's) global weather database, "Surface Meteorology and Solar Energy Data Set (SSE) (Release 4) 1 ." This tool, part of NASA's Earth Science Enterprise Program carried out at the NASA Langley Research Center, provides access to:
• More than 200 satellite-derived meteorology and solar energy parameters with monthly averages from 10 years of data, • Color plots on both global and regional scales, and • Global solar energy data for 1,195 ground sites.
These data had previously only been available from a limited number of ground monitoring stations. The Release 4 data set contains new parameters based on recommendations by the renewable energy industry and therefore it is more accurate than previous releases. Its on-line plotting capabilities allow quick evaluation of potential renewable energy projects for any region of the world. The SSE data set is formulated from NASA satellite-and analysis-derived insolation and meteorological data for the 10-year period between July 1983 and June 1993. The user can input either the name of the city or the latitude and longitude coordinates to obtain results. Figure 1 shows a typical integrated solar insolation profile, in this case, for Tonopah, Nevada, which is located 225 miles northwest of Las Vegas, Nevada. This location was chosen because it is a site where solar patterns are considered to be "typical."
Results
Two data sets were used to generate the solar insolation profiles in this case only, in an effort to compare the NASA data with another source: "The National Renewable Energy Laboratory's (NREL) Solar Radiation Data Manual for Flat-Plate Type and Concentrating Collector Data Sets." These data sets were derived from the 1961-1990 National Solar Radiation Data Base. The NREL data are available for U.S. locations only. Since this report primarily discusses international sites, the NREL data were used only for comparison purposes for the Tonopah, Nevada, (U.S.) site to demonstrate that the data sets are indeed similar. The majority of insolation profiles follow the typical seasonal variations depicted in Figure 1 . In some areas, however, this is not the case due to regional climatology. For example, as demonstrated in Figure 5 below, the curve for Chittagong, Bangladesh, is not symmetrical, likely due to the monsoon season occurring in the summer. This causes depressed solar energy for those months.
Insolation curves, both typical and atypical, are shown in Appendix A. Table 1 below summarizes these insolation data for the regions that will be discussed in Section 3 of this report: San Juanico, Mexico; Chittagong, Bangladesh; Alaminos, Philippines; Rio Negro, Argentina; Hyderabad, India; Puerto Plata, Dominican Republic; and Lime Village, Alaska, U.S.A. 
Methodology
The methodology for compiling specific load data for RAPS systems involved searches at the Library of Congress and on the Internet for solar, wind, and other resources used in RAPS systems. A list was compiled that includes approximately 65 sites (list was created in 2001, sites created after this date would not be included) that have used some form of RAPS (listed in Appendix B). Where contact information was available, e-mails or phone calls were made to find out more specific load information. The data from several sites were compiled, and typical daily load profiles for several single family homes, health clinics, schools, and villages were created.
For several projects, load data were available from a digital recorder. Loads for several small villages as well as single family homes, health clinics and schools were plotted from these data. Combining several load segments together allowed for the construction of average profiles for a range of system sizes and functions.
In other cases, however, load data versus time of day was not readily available. RAPS project data often specified only the type of battery, PV array or wind generator used and how long the system had been in use.
In the cases where load data were available, extrapolation was performed to ascertain daily profiles. For instance, data collected from a PV system in Bangladesh indicated that a family used a 6-watt light, a 15-watt black and white television, a 3-watt radio, and a 6-watt cassette player for four hours per day. The total load is 120 watt-hours per day, seven days a week. Based on conversations with experts, information was obtained to build a profile that showed a small load in the morning, which indicated only a light being used. A mid-day peak occurred around noon from television usage, and in the evening the load profile generally spiked since this is when most recreational activities take place.
Load Profiles
Actual load data for RAPS systems are often not easily obtainable. Prior to the installation of a RAPS system, estimates are made of a community's power needs, but these needs have a tendency to increase once RAPS are installed. Thus, some of the load data is presented in a form that show estimates based on projected consumer economic levels. Table 2 is a compilation of typical load conditions based on economic status and availability of power in the Rio Negro region of Argentina. Most profiles, regardless of economic status, showed that electricity was being used during two or three periods a day. All profiles show morning and evening peaks while the more affluent homes showed mid-day peaks as well.
Single Family Home
In some cases, a non-zero baseload (using a radio all day, for instance) was also found. It was ascertained from conversations with experts in the field who concluded that if a family could afford it, they would "run lights and a television all day." A basic profile would include only one to two lights and a small radio. Compact fluorescent lights (CFL) are used and typically draw five to twenty watts each.
In a study conducted by the Transenergie-WBI group in May 1999, 66% of the villagers of the Rio Negro region of Argentina fell into Profile 1 in Table 2 3 . The Transenergie-WBI group used Graphical Information Systems to determine how many interviews were required to encompass a large enough sample size. Tape recorders, televisions, and video cassette recorders (VCRs) are used in households that can afford to pay the utility costs. Twenty-seven percent of the villagers surveyed said that they could afford lights, radio, and a tape recorder, where only seven percent could afford a television and VCR in addition to lights and a radio. It should be noted that these statistics are region-specific and vary depending on the area.
Since cooking with electric stoves and hot plates is costly, propane, natural gas or wood burning grills were used in all of the single family homes. Refrigeration proved to be cost prohibitive in many homes; restaurants and other large commercial facilities were the only establishments that could afford such appliances.
b) Puerto Plata, Dominican Republic
The small village of Puerto Plata in the Dominican Republic hosts an experimental PV array for a residential electrification project. The project was established in a home that was thought to represent a typical village home with four family members in the dwelling. Initially, designs were made to include a television that would be in use 3 to 4 hours per day, 1 to 2 lights used 4 hours per day, and radio used for most of the day. After the system was installed, it was discovered through remote monitoring that the television was used far more than the original projections estimated. Instead of the projected 3 to 4 hours per day, the television was actually used 8 to10 hours per day. One theory was that other villagers frequented the household since it had a television, hence contributing to the increased usage. Figure 9 shows the home's load profile. The system is a demonstration project designed to test a hybrid generation plant for remote communities of 50 to 100 people. Managed and funded by the Alaska Energy Authority, the Lime Village project is designed to provide the community with reliable and affordable electricity. The village was chosen for the experiment because of its high energy costs, low per-capita power consumption, latitude, and weather conditions. Lime Village was first electrified in 1998. However, the original system failed due to design problems and was in need of an upgrade. The original generator had been damaged and was unusable without major repairs; the original battery bank and PV array were unusable because the system lacked a functioning power conversion device.
The original Lime Village system was replaced with a new system that includes an expanded PV array and a new, smaller diesel generator set. The Lime Village data collection site is shown in Figure 10 . The system will include 106 solar panels and an inverter. Table 3 provides details on the new system. This project is one of the first RAPS experiments in which a small community is not only receiving its power from a hybrid system, but officials from the local energy authority are closely monitoring system efficiency. Performance data and results will be evaluated to assess whether solar power, in combination with diesel generation and battery storage, can be used to reduce power costs and enhance electrical efficiency in other rural communities in Alaska. Determining an optimum combination of diesel and solar power is one of the key objectives of the experiment. Since diesel fuel must be hauled in by aircraft, fuel costs are very high in the village. The hybrid system saved the community $2,000 in diesel fuel costs in its first month of operation alone. Figure 11 shows the daily high and average load profiles in Lime Village, AK. And, it shows the load profiles for an average day and for a high-usage winter's day in Lime Village. In both cases, a single peak in the afternoon and a significant baseload are evident. 
Source: NREL Photographic Information Exchange, http://www.nrel.gov/data/pix
Village
Energy usage has been examined for several villages around the globe during different seasons. Typical villages consist of approximately thirty homes, a clinic, a school, and a cottage industry. Each home may have a television, some light bulbs, and a radio. A school may have four to six light bulbs. A clinic uses light bulbs, a refrigerator, a television, communication equipment, and an autoclave to sterilize instruments. The cottage industry generally has light bulbs and other equipment required by the industry. Because appliances are either turned on or off, there is no cycling load and during the offpeak time periods, the load is either zero or the base load.
The load profile of a village could be obtained by summing the energy usage of its individual components (homes, school, clinic, and industry) during every hour. The load profile may have three peaks:
• The morning peak during which some lights and the radio are used while preparing breakfast; • The afternoon peak characterized by lunch preparation during which the radio may be used as well as the television; • The evening peak characterized by meal preparation and leisure activities after sunset with all lights, television, and radio turned on.
a) San Juanico, Baja California, Mexico
The village of San Juanico has three schools, two of which require little or no electricity. The town has two restaurants or cantinas. Twenty-five of the villagers have satellite dishes, reinforcing the importance of television viewing.
In several situations, televisions were used more frequently than originally anticipated. Television usage typically began early in the morning while the family was preparing for school and work. Load spikes in the middle of the day and evening were attributed to television use. Remote power systems designed for 3-4 hours a day, in some cases ended up being used for 8-10 hours a day like in the Dominican Republic village of Puerto Plata. In this small Baja town of 400 villagers, homes with a television and VCR combination can become very popular places. During World Cup soccer games, some homes have been filled with 40 people watching a single 10-inch television. Also in the case of San Juanico, once every two years the village population doubles when the famous biennial Baja off-road car race passes through the town. This additional variable would have to be factored into the overall load profile.
A social survey conducted by the National Renewable Energy Laboratory's Renewables for Sustainable Village Power Program in the San Juanico village supports the notion that the load the household values most is the television. A washing machine, radio, and refrigerator were the next most necessary items for this village, respectively. It was found that families would conserve electricity by turning off the light just to have longer playing time for the television. A sample profile from a secondary school in the Baja Village of San Juanico can be found in Figure 12 . The load profile shows primarily light usage and occasional television usage throughout the day. In some cases, a radio may be used to receive some lesson topics. This particular school also serves as an adult education center at night. This distance-learning program receives a signal that has been broadcast from another center and the school's satellite transmits the signal to several televisions. The large spike in power at the end of the day can be attributed to this program, which uses lights, television, and satellite. A summary of the school's load conditions is found in Table 4 . The load profile for a clinic in San Juanico is shown in Figure 13 . The profile shows refrigeration equipment used around the clock with a baseline load of about 40 watts. Refrigerators are generally 40-120 watts, depending on size and efficiency. The refrigerator is used to keep vaccines and other temperature-sensitive medicines from spoiling. Communication equipment such as a satellite or radio device can be used for emergencies when a clinic staff member needs to consult a specialist or to arrange for evacuation of a seriously ill or injured patient. As the workers arrived in the morning, several lights are turned on as well as the television. Each day the workers sterilize their instruments in an autoclave, which usually occurs near the end of the day. The autoclave generally runs for approximately 2 hours at around 125 watts. After the instruments are clean, there may be some additional television usage at night along with one to two lights being used. The load conditions are outlined in Table 5 . Figure 14 represents an actual overall load profile from a data recorder for the village of San Juanico. A single peak, large baseload profile is depicted. 
b) Alaminos, Philippines
A load profile for the Alaminos, Philippines village can be found in Figure 15 . This curve typifies the single family home profile, but on a larger scale. The Alaminos load profile data were taken from a PV mini-grid that powers 60 homes. The system averages out to approximately 2000 Wh/day per home, which is similar to the Single Family Home Profile from Rio Negro, Argentina, shown in Table 2 . This system is large enough to support several lights, a radio, tape recorder, television, and VCR.
In the GTX Philippines solar project, monitoring was done to see if villagers followed the recommended practice of reducing consumption, e.g. less television viewing or using fewer lights for a shorter period during rainy days. It was found that the households did not reduce consumption during rainy days as recommended. They experienced load disconnects from the controller when the cloudiness lasted for several days. This shows that the system should provide a particular minimum amount of energy even in the worst weather. Under this configuration, the battery only lasted for two years. It was also of interest to find out if television use increased on weekends. It was found that weekend television use was less when compared to weekdays with good shows. In homes where there was not a television, a radio was used for the majority of the day. 
c) Hyderabad, India
An additional village load profile was created from data collected from the Hyderabad, India region. Several things were taken into account before selection of this village for electrification. Preference was given to villages that had organized communities and townships. In addition, priority was given to villages whose per capita income could be increased through harnessing the electricity for agricultural and industrial purposes.
Hyderabad has approximately 60 households and 300 people where the basic load profile includes private houses, streetlights, a community center, health center, and water pump. The load conditions are detailed in Table 6 and a load profile is represented in Figure 16 . Again the profile duplicates the general, three-peak, single family home profiles shown earlier. The Hyderabad, India, village site included a community center load (See Table  7 ). These centers can alleviate household crowding by creating a central location where villagers can convene to watch television. For a flat fee, villagers can gather and watch television in a large hall. This activity generally occurs at night and requires adequate lighting conditions. Resource data for the communities discussed here are shown in Appendix A.
Load and resource data can be fit to equations where power is expressed as a function of time of day. A comparison of these equations could provide a means for determining how well the supply matches demand (i.e., how much power can be supplied directly from the PV array), and how much storage capacity is needed. These equations would also allow for the design of an adequate battery storage system. The equations can be made available upon request to Energetics, Inc.
Conclusions
The motivation for this study came from workshops with energy policy planners and energy industry experts held in Jakarta, Indonesia, and Brisbane, Australia in 1997, to discuss the need to develop robust design practices for RAPS systems. Representatives from ILZRO and SNL, and these industry experts began this project by identifying single family homes, communities, and villages as candidates for RAPS applications, and defined several different sizes/power requirements for each. The team then devised a "strawman" series of load profiles. The general premise was that electricity was used during three peak time periods: in the morning, afternoon, and evening. At other times, electricity usage was zero or near zero.
This premise appears to be supported by the data presented in this report. Most available data for single family homes tend to support load requirements in which power is used in two or three peak periods. Morning and evening peaks are typically present, and a noontime peak often is apparent except in the lowest economic cases. Baseload usage is often zero for single family homes, although small, non-zero baseloads exist during the daylight hours in some cases.
In general, the single family homes, community, and village systems being studied serve loads in which the base load is small relative to peak loads that occur in the morning, mid-day and evening. In fact, if all of the appliances used in the village have no parasitic load, then the base load is equal to zero. In some cases in the larger villages, the individual systems tend to become lost in the baseload.
When designing remote area power systems, several factors should be taken into account in addition to load profiles. Some areas have seasonal events that increase power consumption such as a heavy tourist season or, in the case of San Juanico, the famous biennial Baja off-road car race which has a significant effect on power use. Special events can lead to temporary load increases that need to be considered when designing systems and projecting loads.
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APPENDIX A -Resource Data for Sites Discussed in This Report
The source for all data in Appendix A is the NASA Surface Meteorology and Solar Energy Data Set. Averages are over the 10-year period from July 1983 to June 1993. The following resource data are presented in Appendix A:
• 
